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(57) Abstract 

An electrode system (E) for the measurement of 
corrosion rate of metal subjected to corrosion in watery 
medium comprises two electrodes (A+R, M) of the re- 
spective metal, which are disposed in spaced relationship 
to be submerged into the watery medium and convey 
electric current through the same. The metal electrodes 
(A+ R, M) are disposed on the interior surface of a ring 
(I) of electrically insulating material with their active 
electrode surfaces spaced apart and preferably flush with 
and having the same curvature as the interior surface of 
the ring (I). An outer annular flange (Y) of high strength 
material is mounted around and rigidly secured to the in- 
ner ring (I) of insulating material. The outer annular 
flange and the inner ring as well as the?metal electrodes 
are then configurated and dimensioned to fit in and be 
liquid-tight maintained between flanges on pipe sections 
(SI, S2) which are joined together to form a pipeline for 
the through-flow of said watery medium. At least one of 
the electrodes (A-i-R) is preferably subdivided into a 
working electrode and a reference electrode (R), which 
are spaced far less apart than said distance between the 
two electrode sufaces. If the voltage drop between the 
reference electrode and the working electrode is mea- 
sured when a prescribed current is flowing between the 
working electrode and the counter electrode in the wa- 
tery medium, the polarization resistance of the corrosive 
reaction on the working electrode may be determined 
with high accuracy. 
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1 

Electrode System for the Measurement of Corrosion Rate. 

The present invention is related to an electrode system for 
the measurement of corrosion rate of metal in watery medium. 

Many different methods are developed for the measurement of 

corrosion rate, e.g. as disclosed in a ' paper presented at 

BSE/NACE "Middle East Corrosion Conference" , and having the 

title "The Importance of Corrosion Monitoring in Oilfield 

Systems", Here it is also indicated that the corrosion rate 

of metal which is submerged in electrolytically conducting 

watery environment, may be determined by applying a weak 

potential in addition to the free corrosion potential between 

mutually separated electrodes in said environment, upon which 

current and voltage between the electrodes are measured and 

the corresponding equivalent linear polarization resistasice 

R between the electrodes deduced. The corrosion rate I is 
P c 

then determined by means of the formula: 

P 

The constant C must then be settled by other measurements, and 

the formula is only valid for small values of the applied 

current and voltage. This formula also presupposes that the 

current between the electrodes is primarily limited by the 

corrosion reactions on the two electrodes at the applied 

voltage. If, however, the electrolyte resistance in itself is 

a substantial part of the resistance R included in the 

P 

above formula, this formula will indicate a too low corrosion 
rate. and may imply an expectation of a substantially lower 
corrosion rate than the one actually appearing, which in many 
cases may be risky. 

Probes for the measurement of such linear polarization 
resistance are usually very simple, and e,g, consists of two 
steel pieces which are spaced about 1 cm apart. Devices of 
this type are, however, not well suited for continuous 
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monitoring of corrosion conditions in practice, e.g. in a 
pipeline. It is therefore an object of the present invention 
to provide an electrode system which is particularly suited 
for such monitoring and may readily be fitted into even 
existing liquid carrying structures. 

Thus, the invention relates to an electrode system for 
the measurement of corrosion rate of metal subjected to 
corrosion in watery medium, the electrode system comprising 
two electrodes of the respective metal disposed in spaced 
relationship to be submerged into the watery medium and convey 
electric current through the same. 

On this background of known art the characteristic features 
of the electrode system according to the invention are tihat 
the metal electrodes are disposed on the interior surface of a 
ring of electrically insulating material and with their active 
electrode surfaces mutually spaced, an outer annular flange of 
high strength material being mounted around and rigidly 
secured to the inner ring of insulating material, and the 
outer annular flange and the inner ring as well as the metal 
electrodes being configurated and dimensioned to be adapted 
and liquid-tight maintained between flanges on pipe sections 
which are joined together to form a pipeline for the through- 
flow of said watery medium. 

With such an embodiment according to the invention a geometric 
configuration is achieved, which in simple manner and without 
special measures allows a location of the electrode system 
between the flanges of pipe sections interconnected into a 
pipeline. the active electrode surfaces are here preferably 
disposed flush with and having the same curvature as the 
interior surface of the ring of insulating material, the 
interior diameter of the ring being preferably substantially 
equal to the interior diameter of the adapted pipe sections. 

In a highly preferred embodiment at least one of the 
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electrodes is subdivided into a reference electrode and a 
working electrode being spaced far less apart than the mutual 
distance between said electrode surfaces. 

The working electrode is in turn preferably divided into two 
approximately equal parts, the reference electrode being 
located with small clearance between said parts. 

Further, current conductors which are electrically connected 
with the electrodes, are passed through radial holes in the 
ring of insulating material and the annular flange onto 
terminals exterior to the electrode systems. 

Measuring current is then caused to flow through the working 
electrode and the other electrode (the counter electrode), 
while measuring voltage drop between the reference electrode 
and the working electrode. The ratio of this voltage drop and 
the measuring current represents the equivalent polarization 
resistance of the corrosion process generated by the measuring 
current on the working electrode. As the voltage drop is 
measured across the small interspace between the working and 
reference electrodes, fhe resistance of the electrolyte itself 
does not contribute significantly to this voltage drop, which 
therefore essentially is a measure of the voltage difference 
between freely corroding metal and metal subjected to 
corrosion with current load. 

The corresponding voltage drop may possibly be achieved in 
similar manner at the other electrode, which then also must be 
subdivided into a working electrode and a reference electrode, 
or it may be deduced at the same electrode with opposite 
current flow direction. The sum of the two voltage drops and 
the current between the active electrode surfaces are then 
employed for calculating the total polarization resistance 
Rp which is included in the above formula for the corrosion 

rate I , 
c 
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The invention is now explained in more detail by means of an 
exemplary embodiment with reference to the accompanying 
drawings , whereon: 

Fig. 1 shows a view in axial direction of an embodiment of the 
electrode system according to the invention/ and 

Fig. 2 shows this electrode system in section along the line 
0-0 in fig. 1 and in operative position clamped 
between end flanges of two interconnected pipe sections. 

Fig. 1 shows a readily mounted electrode system according to 
the present invention and viewed in the axial direction. 
This system comprises two electrodes mounted directly 
opposite each other on the interior side of the inner ring I 
of insulating material. The electrodes and the insulating 
ring are supported, by an outer annular flange Y of steel- 
placed around the inner ring and rigidly secured to the same. 

One of the electrodes is subdivided into a working electrode A 
and a reference electrode the working electrode being in 
turn divided in two parts disposed symmetrically with respect 
to the reference electrode with a small clearance on opposite 
sides of the same. These two parts are interconnected by 
means of insulated leads, which are passed through narrow 
radial bores in the inner insulation ring I and the outer 
steel ring Y. This interconnection is linked to an exterior 
terminal KA for connection to one pole of a voltage source. 
The other pole of the voltage source (not shown) is then 
connected to an exterior terminal KM, which by means of an 
insulated lead through the inner and outer ring I, Y is linked 
to the other elecrode M, which usually is termed counter 
electrode. 

The reference electrode R is connected with its associated 
measuring terminal through an insulated lead, which in the 
same manner as the other leads is passed through radial holes 
in the inner and outer ring. These radial holes may be sealed 
by means of a suitable sealing paste around the through- 
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passed leads . 

The measuring terminal KR receives no voltage, but is used 
for measuring the voltage drop between the reference electrode 
R and the working electrode A when a measuring current is 
flowing between the counter electrode M and the working 
electrode A, caused by a suitable weak potential applied 
between the latter electrodes by means of a voltage source 
connected between the terminals KA and KM, 

The measured voltage between the reference electrode R and the 
working electrode A represents, due to the very small distance 
between these electrodes, essentially the voltage drop across 
the corrosion process produced by the measuring current on the 
surface of the working electrode, and with known values of 
measuring current and voltage drop the polarization resistance 
may be determined, and thereby also the corrosion rate, by 
* means of the initially presented formula. 

With measurements demanding high precision when determining 
the voltage drop across the corrosion process on the working 
electrode, a correction may be made as to the voltage drop in 
the electrolyte. This voltage drop follows Ohm's Law and is 
accordingly proportional to the current, the specific 
resistance of the electrolyte and a geometric factor (the 
cell constant). This geometric factor is the same for all 
electrode systems having the same dimensions and configuration 
and may be determined e.g. by means of alternating current 
measurements. Such a correction as to the voltage drop in the 
electrolyte requires that the specific resistance of the 
watery medium is known, which however, may be measured 
separately by means of ordinary known measuring techniques. 

The electrode system according to the invention is particu- 
larly configurated and dimensioned for readily insertion in a 
pipeline conveying a watery solution of corrosive substances. 
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This is achieved by clamping the electrode system E between 
the flanges of two adjoining pipe sections SI, S2 of the 
pipeline, as schematically shown in fig. 2. For this purpose 
the outer ring Y is provided with boltholes H for the inser- 
tion of clamping bolts (not shown) between the flanges of the 
adjoining pipe sections. 

The electrodes A, R and M on the inside of the insulation 
ring I have here preferably the same curvature as the interior 
surface of the ring and are disposed flush with this surface, 
which in turn suitably has the same interior diameter as the' 
pipe sections SI and S2 , in order that no additional flow 
resistance or whirlforming protrusion is introduced in the 
pipeline. 

Due to the circumstance that the voltage drop in the electro- 
lyte only to a small degree is included in the measured vol- 
tage and if necessary may be calculated, the electrode system 
according to the invention is capable of providing more accu- 
rate measurements of the ratio of current and voltage than has 
been possible up to now. This allows use of the electrode 
system also for other methods of determining the corrosion 
rate than the above indicated deduction of linear polarization 
resistance. Measurements of the ratio of current and voltage 
with high accuracy allow determining the constant C in the 
formula on page 1 directly on the basis of prevailing condi- 
tions, rather than being dependent on more or less reliable 
values to be found in the literature or from personal 
experience. 

Such a determination of the constant C is particularly 
important when corrosion inhibitors are used, which may effect 
a substantial variation of this "constant". 

The electrode system of thepresent invention is also well 
suited for corrosion determination by alternating current 

ZTn^^nT''^^ ^""J".^"^ "'^^ so-called RC-method, which 

has been developped by Institutt for Energiteknikk. 
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CLAIMS . 

1. Electrode system for the measurement of corrosion rate of 
metal subjected to corrosion in watery medium, the electrode 
system (E) comprising two electrodes (A+R, M) of the 
respective metal disposed in spaced relationship to be 
submerged into the watery medium and convey electric current 
through the same, 

characterized in that the metal electrodes 
(A+R, M) are disposed on the interior surface of a ring (I) of 
electrically insulating material and with their active 
electrode surfaces mutually spaced,, an outer annular flange 
(Y) of high strength material being mounted around and rigidly 
secured to the inner ring (I) of insulating material, and the 
outer annular flange and the inner ring as well as the metal 
electrodes being configurated and dimensioned to be adapted 
and liquid-tight maintained -between flanges on pipe sections 
(SI, S2) which are joined together to form a pipeline for the 
through-flow of said watery medium, 

2. Electrode system as claimed in claim 1, 
characterized in that the active electrode 
surfaces are disposed in mutually facing relationship flush 
with and having the same curvature as the interior surface of 
the ring (I) of insulating material, the interior diameter of 
the ring being preferably substantially equal to the interior 
diameter of the adjoined pipe sections. 

3. Electrode system as claimed in claim 1 or 2 , 
characterized in that at least one of the 
electrodes is subdivided into a reference electrode (R) and a 
working electrode (A) being spaced far less apart than the 
mutual distance between said electrode surfaces. 
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4. Electrode system as claimed in claim 3, 

characterized in that the reference electrode 
(R) has a substantially smaller active surface than the 
working electrode (A). 

5. Electrode system as claimed in claim 3 or 4 , 
characterized in that the interspace between 
the reference electrode and the working electrode is 
substantially smaller than the active electrode surface of 
each of the electrodes • 

6. Electrode system as claimed in claims 3-5, 
characterized in that the working electrode is 
divided into two approximately equal parts, the reference 
electrode being located with small clearance between said 
parts . 

?• Electrode system as claimed in claims 1 .5 , 
characterized in that current conductors which 
are electrically connected with the electrodes, are passed 
through radial holes in the ring of insulating material and 
the annular flange onto terminals exterior to the electrode 
systems. 
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